To establish whether reproduction in a colony of the blue-footed booby in the eastern tropical Pacific predicts local abundance of prey fish several months later, 13 years of data were analysed. Eight reproductive variables assessed during the period of January -May, grouped in two factors, were related to commercial catches in the surrounding 6600 km 2 area during the following June -December. The first factor explained 33% of interannual variance in fish captures per unit effort during June -December (future FCUE), and 63% when only El Niño years were considered. Also, the proportion of large clutches present on three single-day censuses in the spring explained 51, 46 and 35% of variance in future FCUE among all years, and 78, 85 and 82% of variance among El Niño years. In contrast, sea surface temperatures in March did not explain variance in future FCUE. Proportion of large clutches is a moderately good predictor of the abundance of commercial fish during the subsequent seven months and can be satisfactorily and cheaply measured on a single day.
Introduction
Ecological parameters of marine birds such as chick growth, foraging, demography and reproduction could indicate fish abundance (Montevecchi, 1993; VElarde et al., 1994; Piatt et al., 2007b) or recruitment of fish stocks (Furness and Monaghan, 1987) , potentially serving as management tools (Anderson and Gress, 1984; Velarde et al., 1994; Einoder, 2009 ). Seabirds could be useful indicators of the health of fisheries since they forage widely and often feed on commercially important fish species (Bunce, 2004; Einoder, 2009) . Importantly, the pelagic distribution of seabirds usually reflects the distribution of their prey (Hunt and Schneider, 1987) and occasionally reveals succession or movements of fish stocks (Velarde et al., 1994; Montevecchi and Myers, 1995) . Moreover, marine birds are accessible, return continuously to their breeding sites during the reproductive season (Einoder, 2009 ) and may be sensitive to changes in prey populations occurring at diverse temporal or spatial scales (Cairns, 1987; Sandvik et al., 2005) . In this study we tested whether breeding parameters of the blue-footed booby (Sula nebouxii), a tropical marine bird, are predictors of abundance of its prey populations several months later, and therefore of potential use in forecasting abundance of commercially important species of fish. To identify a convenient and inexpensive predictor we tested four candidates: breeding measures obtained either by repeated observations on individual nests over each season or taken on single days, and approximately contemporaneous measures of sea surface temperature and fish abundance.
Reliability of seabirds as indicators of fish abundance can depend upon several factors. For instance, different species may respond differently to changes in food availability (Piatt et al., 2007a) because of differences in their foraging methods (Furness and Tasker, 2000; Devney et al., 2009) , energy budgets (Schreiber, 2002) , or physiology and life history patterns (Furness and Monaghan, 1987) . Similarly, different parameters of a particular seabird species can be differentially sensitive to daily or seasonal fluctuations in food supplies (e.g. Gill et al., 2002; Quillfeldt et al., 2007) , and predictive value will depend on this specific sensitivity (Piatt et al., 2007a; Einoder, 2009 ). Parameters such as adult foraging and chick provisioning usually convey information on feeding conditions on a scale of days to weeks, whereas breeding outputs such as the number and size of eggs laid and breeding success (usually the proportion of eggs that survive and fledge) reflect monthly or seasonal fluctuations in fish populations (Boyd and Murray, 2001; Einoder, 2009) .
Breeding outputs of seabirds with specialized diets could be particularly useful for estimating changes in the abundance of particular prey species (Furness and Camphuysen, 1997; Parsons et al., 2008; Einoder, 2009) , whereas diet of generalist seabirds may be helpful for estimating variations in the relative abundance of prey stocks (Montevecchi, 1993; Miller and Sydeman, 2004) .
The potential use of foraging and breeding parameters of specialist or generalist seabirds as indices of marine resources has been explored in the subtropical Benguela upwelling system (Crawford and Shelton, 1978; Adams et al., 1992; Crawford, 2007) , as well as in temperate regions including the North Sea (Frederiksen et al., 2007b; Wanless et al., 2007) , the Northwestern Atlantic (Montevecchi, 2007) , the Bering Sea (Kruse et al., 2006) , the Gulf of Alaska (Piatt et al., 2007a) , the Southern Ocean (Bunce, 2004; Constable and Doust, 2009 ) and the central portion of the California Current Roth et al., 2007; Black et al., 2010) . In the subtropical Pacific, the validity of seabirds as predictors of local fisheries has been tested using the diet of the elegant tern (Sterna elegans), a specialized forager, as well as the clutch size and breeding success of Heermann's gull (Larus heermanii; Velarde et al., 2004) , a dietary generalist, but no similar study has been made in the warm eastern tropical Pacific.
Most seabird species are long-lived (Schreiber, 2002) and may prioritize survival over reproduction when resources are limited (Barber and Chavez, 1983; Stearns, 1992; Furness and Camphuysen, 1997) . For instance, when food is abundant the breeding participation and success of brown pelicans (Pelecanus occidentalis), western gulls (L. occidentalis) and black legged kittiwakes (Rissa tridactyla) are high (Anderson et al., 1982; Furness and Monaghan, 1987; Harris and Wanless, 1990; Duffy and Schneider, 1994) , but when food is scarce several seabird species have shown elevated natal and breeding dispersal, nest abandonment and breeding failure (Hamer et al., 1993; Frederiksen et al., 2007a) .
Variation in food availability is linked to variation in sea surface temperature and local productivity, themselves associated with major climatic drivers such as the El Niño Southern Oscillation (ENSO; Balance et al., 2006; Devney et al., 2009) and the North Atlantic Oscillation (Hurrel et al., 2001; Beaugrand et al., 2002) .
Seabirds may calibrate their breeding effort in accordance with fluctuations in food supplies during different stages of the breeding season (Ancona et al., 2011) , for example by refraining from breeding (Furness and Camphuysen, 1997) , laying reduced clutches (Gill et al., 2002) , abandoning their nest sites with eggs or chicks, or undergoing brood reduction (Piatt et al., 2007a , and references therein). Importantly, food availability could be a limiting factor for breeders not only during the laying period or when incubating clutches and caring for broods but also during the vulnerable period when offspring make the transition to independence. Hence, if breeders can anticipate how much food will be available to their progeny during that transition, on the basis of present prey abundance, then their breeding outputs in the long incubation and brood care periods are candidate indices that could reflect the abundance of prey populations several weeks later.
We tested this idea on a population of a dietary specialist that breeds in the warm eastern tropical Pacific. In order to build a predictive model, we analysed the relationship between breeding outputs of blue-footed boobies during January through May, when they care for their clutches and broods, and an index of fish abundance during June through December, when fledglings make the transition to independence. Besides measuring breeding outputs by monitoring individual nests repeatedly over the breeding cycle, we also used measures taken in the colony on a single day, to test whether this practical and inexpensive approach yields a good prediction. Since ENSO greatly affects reproduction of blue-footed boobies (Nelson, 1978; Nelson, 2005; Ancona et al., 2011) and fish abundance, we also tested the relationship between breeding outputs and fish abundance separately for El Niño years and non-El Niño years, following Boersma (1998) .
Finally, we evaluated alternative predictors of fish abundance during June through December based on routine oceanographic and commercial monitoring by governmental institutions: mean sea surface temperature and commercial fish captures during March, April and May. Fine-scale fluctuations in sea temperature could drive shifts in the distribution and abundance of small pelagic fish through a bottom-up process (Kitaysky and Golubova, 2000) . Similarly, demographic processes occurring in fish populations early in the season (e.g. when boobies are calibrating their breeding effort) could affect fish abundance in the second half of the year.
Methods

Study species
We studied the blue-footed booby breeding colony on Isla Isabel (Figure 1 ), a small island located at the southern limit of the Gulf of California (21850'N, 105853'W) and highly influenced by tropical oceanographic conditions (Spalding et al., 2007) . This socially monogamous, long-lived sulid nests on the ground on islands in the eastern tropical Pacific and feeds by plunge-diving for small pelagic fish in a radius of at least 30 km around its breeding colonies (Anderson and Ricklefs, 1987; Nelson, 2005) . Boobies do not practice cleptoparasitism or scavenge around fishing boats. During the reproductive season Isla Isabel boobies mainly feed on the Pacific anchovy, Cetengraulis mysticetus, the Pacific thread herring, Opisthonema libertate, the middling thread herring, O. medirastre, and the slender thread herring, O. bulleri, as well as on eight other fish families (Scombridae Carangidae, Stromatidae, Sphyraenidae, Scienidae, Albulidae, Hemiramphidae and Belanidae). Pacific anchovies and thread herrings comprised 30% of individual regurgitations collected over five breeding seasons on Isla Isabel (Ancona et al., 2012) and support the sardine fishery in the southern Gulf of California and the southern Pacific coast of Mexico (Jacob-Cervantes, 2010). Small pelagic fish species are exploited intensely in the Gulf of California, with peaks in May-July and November-December (Martínez-Zavala et al., 2010) . Opisthonema spp. and Cetengraulis mysticetus are the most important commercial species in the southern part of the gulf (Jacob-Cervantes, 2010) , and population models based on captures in recent years show trends toward increasing abundance (Jacob-Cervantes, 2010 and references therein).
Successful pairs of blue-footed boobies raise one, two, or sometimes three, chicks from a clutch of one, two or three eggs. After 40 -50 d of shared incubation of the clutch, both parents care for the brood for 4 months or more, between January and June (Drummond et al., 1991; Guerra and Drummond, 1995) . Growth of blue-footed booby chicks in the Galápagos Islands has been shown to indicate current oceanographic or ecological conditions (Ricklefs et al., 1984) . Partial clutch and brood failure are common (Nelson, 1978; Drummond et al., 1986 ) and on Isla Isabel singleton broods represent 49% of total broods (H. Drummond, unpublished data from 20 seasons). Facultative brood reduction takes place when dominant chicks respond to poor parental food provisioning by killing their broodmates (Drummond et al., 1986; Drummond and García-Chavelas, 1989) . El Niño events are apparently associated with partial and occasionally total reproductive failure of the blue-footed boobies on Isla Isabel (Wingfield et al., 1999) , possibly because warming of surface waters results in depletion of stocks of local fish prey (Ancona et al., 2011) .
Breeding outputs
During 13 breeding seasons (from 1986 to 1999, excluding 1988) , reproduction was monitored for 5 months per season in two study areas on Isla Isabel (measuring 20 800 m 2 and 6089 m 2 ). All nests (sites with eggs or chicks) were numbered and inspected every three or six days between the onset of hatching in the second half of February and the end of fledging in late July. A chick was deemed to fledge when it reached age 70 d. Ages of chicks present at the first nest inspection were estimated from culmen and ulna lengths using growth curves of nestlings measured every 2 -3 days in the same population (Drummond et al., 2003) ; laying dates were estimated by subtracting mean incubation interval (42 d for first eggs and 40 d for second eggs; D'Alba and Torres, 2007) from observed or estimated hatch dates. Eggs and clutches lost before the start of monitoring could not be included. In the two years when the smaller study area was not monitored (1987 and 1990) , breeding outputs there were estimated from values for the other area, on the basis of the mean ratio of values between the two study areas across the other 11 years.
Fish abundance
The Centro Regional de Investigació n Pesquera de Mazatlán (CRIP) provided monthly records of tonnes of small pelagic fish captured and numbers of fishing boats in operation in a commercial fishing area of about 6600 km 2 off the coast of Nayarit (Figure 1 ). Assuming boobies feed within 30 km of their colony, all the foraging of Isla Isabel boobies should take place within the commercial area; however, if these boobies feed more widely outside the breeding season, then some foraging could occur outside the commercial area during August through November. Mean fish capture per unit effort (FCUE), our index of fish abundance (based on Sparre and Venema, 1992) , was calculated as the mean monthly capture in tonnes per boat of Pacific anchovies and the three species of thread herrings (the boobies' main prey) pooled, during June through December of each of the 13 years. The 30 months with no capture data (because catches were minimal) were assigned the lowest monthly FCUE value observed over the 13 years (4.9 The blue-footed booby and commercial fish abundance tonnes per boat). Fisheries data are often imprecise and underestimations are common, but we have no reason to suspect systematic variation in bias over the years of the study.
Sea temperature
Mean sea surface temperatures were obtained for each of the first five months of each of the 13 years, for a point near the southern limit of the commercial fishing area and about 55 km southeast of Isla Isabel (the nearest sampling point to Isla Isabel; Figure 1 ). Temperatures were calculated from direct measurements from boats and remote measurements from satellites and buoys (University of Columbia; http://iridl.ldeo.columbia.edu/SOURCES/.Indices/.ensomonitor. html/; Reynolds et al., 2002) .
Three El Niño events occurred during the thirteen years of study: the moderate event of 1986-1987, the prolonged event of 1990-1994, and the strong event of 1997 -1998 (Schreiber, 2002 . Categorization of these events was made on the basis of the abnormally high values in the sea surface temperature at various points along the Central Eastern Pacific reported by several authors (see De la Lanza and Galindo, 1989; McPhaden, 1999; Yeh et al., 2009) . On the basis of this categorization, we divided the thirteen study years into six warm El Niño years (1987, 1991, 1992, 1993, 1994 and 1998) and seven cold non-El Niño years (1986, 1989, 1990, 1995, 1996, 1997 and 1999) . Three El Niño years (1986, 1990 and 1997) were considered non-El Niño in our analyses because El Niño conditions started late in the year, after the end of the boobies' breeding season.
Data analysis
Booby reproduction in each year was expressed by eight independent variables, calculated for the two combined study areas for the period January through May. Number of clutches is the number of clutches laid, excluding clutches whose laying date could not be estimated (because they did not hatch or disappeared before the start of monitoring). Number of large clutches is the number of clutches with two or three eggs and proportion of large clutches is that number divided by number of clutches. Hatching number is the number of eggs hatched, including clutches laid before the start of monitoring, and hatching success is that number divided by number of eggs laid. Number of fledglings is the number of young that fledged (survived to age 70 d), and fledging success is that number divided by the hatching number, including young present at the start of monitoring. Proportion of eggs that fledged is the number of fledglings divided by number of eggs laid, including young and eggs present at the start of monitoring.
Grouping of the breeding outputs into factors
The eight breeding outputs are likely to be correlated, so we first sought the sub-groups of these outputs that best predict the dependent variable (FCUE) through factor analysis (Lawley and Maxwell, 1973) , using the maximum likelihood method to avoid colinearity. By grouping several independent variables into a single factor they can be related to a dependent variable in a single step. Factor 1 grouped number of clutches, number of large clutches, proportion of large clutches, hatching number, number of fledglings, fledging success, and proportion of eggs that fledged; factor 2 included only hatching success (Table 1) . We calculated the factorial load of each grouped breeding output to determine its contribution to each obtained factor, and applied varimax rotation (Hair et al., 1999) in order to obtain the highest factorial loads. The score for each factor in each year (January through May) was computed as the sum of the values of each included breeding output in proportion to its factorial load.
Multiple stepwise linear regressions (Neter et al., 1996) tested whether the values of the two factors obtained (and their possible interaction) were related to future FCUE. Two additional regressions were calculated, for El Niño years and non-El Niño years, respectively.
Measures taken on a single day
In additional analyses we sought predictors that can be computed after inspecting all nests in the study areas on a single day. First, we tested by means of a multiple linear regression whether future FCUE was related to number of clutches, number of large clutches or proportion of large clutches observed during January through May, or some combination of these variables. Next, we tested for relationships between the proportions of large clutches (the best predictor) on six single days (15th and 30th of March, April and May) and FCUE of June through December by means of a series of simple linear regressions. Proportions were calculated by including all nests with eggs and chicks present in the study areas on those dates. Similar single-day analyses were carried out separately for the 13 focal years, the six El Niño years and the seven non-El Niño years, using simple linear regressions because our sample size was inadequate for including all six days in a single model. Finally, we tested whether FCUE of June through December is predicted by either FCUE or mean sea surface temperature of the preceding March, April or May, using simple linear regressions.
Analyses were carried out using Minitab software, version 15.1.30.0. We report the coefficient of determination (r 2 ), F and p values of factors and interactions retained in the final models, slopes (with confidence intervals), and the 95% prediction intervals (maximum and minimum values + standard error) of all significant regressions.
Results
Over the thirteen years, annual variation in breeding in the two (summed) study areas between January and May was great: number of clutches varied from 13 to 1674 (1992 and 1997, respectively) , number of fledglings varied from 10 to 1226 (1992 and 1997, respectively) . Figure 2) , whereas for the seven non-El Niño years the relationship was evident but not significant (r 2 ¼ 0.528, F 1,5 ¼ 0.640, p ¼ 0.46). However, the significant relationship between Factor 1 and future FCUE was not observed when 1992, the year with lowest values for both variables, was deleted from the analysis (All years: r 2 ¼ 0.996, F 1,10 ¼ 0.003, p ¼ 0.95; El Niño years: r 2 ¼ 0.320, F 1,3 ¼ 2.819, p ¼ 0.19). In none of these models were factor 2 or the interaction between factors significantly related to future FCUE (all p-values .0.05).
Measures taken over the reproductive season
Measures taken on a single day
Of the three candidate single-day variables, and their two-way and three-way combinations, only proportion of large clutches was significantly related to FCUE of June through December (r 2 ¼ 0. Figure 3) . Similarly, in El Niño years future FCUE was related to proportions of large clutches on April 15, April 30 and May 15, explaining 77, 85 and 82% of variance, respectively (Table 3 ). In non-El Niño years, the proportion of large clutches measured on single days showed no significant relationship to future FCUE (Table 3) . The blue-footed booby and commercial fish abundance 
Preceding fish captures and sea surface temperature
Discussion
Our results indicate that several breeding outputs of a plunge-diving specialist, the blue-footed booby, are unequal but informative predictors of the commercial capture of its main prey, Pacific anchovies and thread herrings, after the booby's breeding season; and that outputs that are good predictors can be measured inexpensively on a single day in a booby colony. Although Pacific anchovies and thread herrings constitute only 30% of this booby's diet (Ancona et al., 2012) , booby reproduction may explain as much as 85% of interannual variation in future FCUE, an index of fishing success based exclusively on the abundance of these prey items (Jacob-Cervantes, 2010). However, the prediction intervals for significant regressions are wide, implying that in some years observed values of FCUE could depart substantially from the values predicted by the regressions. Although predictions made over a number of years would on average be good approximations of observed values, prediction for particular years could be wide of the mark.
Booby breeding outputs were better related to future captures of pelagic fishes during El Niño years than non-El Niño years, possibly because the relationship between seabird breeding success and food availability is tighter when food is scarce (Cairns, 1987; Piatt et al., 2007a) . Relative abundances of anchovies and herrings alternate in association with ENSO, with anchovies prevailing in commercial catches during warm El Niño events and herrings prevailing during cold La Niña episodes (Vallarta-Zárate, 2010) , and the relative presence of these fishes in the booby's diet fluctuates with ENSO in the same way (Ancona et al., 2012) . Moreover, during warm episodes, the booby's diet is less diverse and consists mainly of anchovies, whereas during cold episodes, it feeds more on herrings, probably its most energetically valuable prey, while also incorporating some less preferred fishes that become available under favorable conditions (e.g. jacks, family Carangidae, and mackerels, family Scombridae; Ancona et al., 2012) . Thus, the tighter relationship we observed between breeding parameters and future FCUE during El Niño years could be due to alternative prey stocks becoming unavailable, or to the affectation of anchovy stocks that occurs during some severe El Niño events (Jacob-Cervantes, 2010).
On the other hand, the correlation between Factor 1 booby reproductive parameters and future FCUE was loose and its significance depended on the inclusion of an extreme value (1992), reducing the reliablity of this factor as a predictor. Variation in the intensity and duration of warm El Niño events (Gergis and Fowler, 2006) , combined with lagged impacts on ocean productivity and, possibly, on fish stocks (Ancona et al., 2011) , may be partly responsible. For example, although the prolonged 1990-1994 El Niño event was considered moderate, prey availability for boobies apparently crashed in 1992, preventing successful reproduction (Ancona et al., 2011) . This collapse in fish abundance and booby reproduction may be due to a combined effect of the particular high water temperatures observed during most of 1992 (Ancona et al., 2011) and the cumulative effects of prolonged, but not so high, water temperatures recorded during the first two years of this warm episode. Curiously, at the end of this four-year El Niño event fish abundances and bird breeding outputs bounced back (see values for 1993 and 1994 in Figure 2 ), apparently as sea waters became progressively cooler Importantly, although we categorized El Niño years retrospectively, ENSO conditions can be predicted for the upcoming winter, spring and summer (January through September) from average values of sea surface temperature anomalies and consistent atmospheric features in the Pacific during October-December (http:// www.cpc.ncep.noaa.gov/products/analysis_monitoring/lanina/). Thus fishery managers could take the ENSO status of the current year into account when generating FCUE forecasts on the basis of current booby breeding parameters.
Isla Isabel boobies probably monitor the local distribution and abundance of prey and adjust their foraging locations, diet and reproduction accordingly. In the Galápagos Archipelago, blue-footed boobies forage for fishes in a radius of at least 30 km around their colonies, and vary their foraging range within that area during the season (Anderson and Ricklefs, 1987) . Similarly, the blue-footed boobies in our study colony appear to vary their use of foraging patches within sight of Isla Isabel during the season and between years, similar to Peruvian boobies (Weimerskirch et al., 2010) , and the diet of male and female breeders varies from year to year (Ancona et al., 2012) .
At the start of their breeding season, boobies at Isla Isabel presumably respond facultatively to current (and earlier) cues from their main prey species. Egg-laying starts between December and February, depending on sea temperatures and feeding conditions experienced during the previous three months. Nonetheless, the sizes of clutches laid throughout the season appear to be calibrated to feeding conditions early in the season, when laying starts: clutch sizes decline when warm water conditions (and probably low food availability) prevail from December-February (Ancona et al., 2011) . Similarly, fledging success, occurring mostly from March-June, declines when warm water conditions prevail from December-February, implying a delayed effect of earlier reductions in fish stocks (Ancona et al., 2011) . Thus, the proportion of large clutches, the most accurate predictor of future fish abundance, could reflect feeding conditions experienced by breeders in previous weeks or months (Boyd and Murray, 2001; Einoder, 2009) and may, in turn, predict the amount of food that will be available to fledglings during and after their transition to independence later in the season.
Seven parameters of breeding effort and success (expressed as Factor 1) measured throughout January -May predicted the abundance of two (pooled) pelagic prey taxa later in the year, from JuneDecember. When data from all 13 years were considered, the most successful predictor of future fish abundance was the proportion of large clutches observed on April 15, April 30 and May 15, late in the colony's laying period. These variables explained 34 -51% of variance in FCUE, more than was explained by Factor 1 (33%). Similarly, studies in the North Sea (e.g. Frederiksen et al., 2007b) and the California upwelling system (e.g. Roth et al., 2007) considered the relative merits of using individual breeding parameters and combined indices of breeding and feeding parameters of seabirds to monitor the current state of fish stocks and predict their abundance, finding that clutch size itself may convey accurate information on current or recent changes in prey fish populations for some seabird species but not others (Aebischer et al., 1990; Piatt et al., 2007b and references therein) .
FCUE off the coast of Nayarit during May explained 36% of variance in FCUE during June through December, implying that fish abundance in May, or the factors that affect abundance in May, have consequences over the longer term. Quite likely, abundance in the second half of the year is at least in part a demographic consequence of abundance during the spring. In our study area, Pacific anchovies and thread herrings (the boobies' main prey)
The blue-footed booby and commercial fish abundance may reproduce during most of the year. However, anchovies reproduce more intensively in the summer and winter, and herrings in the spring and summer, probably because the great majority of breeders attain sexual maturity during the first five months of the year (Jacob-Cervantes, 2010). Thus, the abundances of anchovies and herrings in the second half of the year should be proportional to their respective population sizes in those five earlier months. Booby reproduction during January through May may well have predicted FCUE during the second half of the year because it is related to current fish abundance, the same variable whose value in May (and possibly before) also predicts and possibly determines future fish abundance.
We tested whether sea surface temperature predicts the future abundance of commercial fish species because warm waters reflect El Niño conditions and are associated with depleted fish stocks through bottom-up processes in the ocean food chain (Beaugrand and Reid, 2003; Doney, 2006) . Surprisingly, sea surface temperature near Isla Isabel in March, April and May was not related to captures of pelagic fishes off the coast of Nayarit from June-December. The abundance of Pacific anchovies and thread herrings may be unaffected by warming of surface waters during the preceding three months. Another possibility is that the associations between ocean water temperatures and the abundances of anchovies and herrings, respectively, are obscured by pooling these two taxa, since their relative abundances alternate in accordance with ENSO-related variations in water temperature.
In general, herrings migrate over large distances, whereas anchovies mostly remain within a fixed range (Lluch-Belda et al., 1992; Bakun and Broad, 2003) , but this difference does not appear to affect the reliability of boobies as indicators of fish stocks in the eastern tropical Pacific. In the region of our study, one subpopulation of Pacific thread herrings occupies the northern portion of the Gulf of California and the other its southern boundary (Cape Corrientes), off the coast of the state of Jalisco (Cisneros-Mata, 1988; Figure 1 ). During October-April, when ocean waters cool both subpopulations migrate south (Cisneros-Mata, 1988) . Thus, when boobies are pairing and laying on Isla Isabel only the northern subpopulation of herrings and the less migratory anchovies are available to them (and to fishermen). Later, during MaySeptember, when ocean waters warm the two subpopulations return to their respective northern habitats (Cisneros-Mata, 1988) , and they and the anchovies are available to the boobies as they fledge and become independent.
Importantly, reproduction of boobies may also predict reproduction of herrings and anchovies, depending on their abundances early in the season. The two herring subpopulations breed from April -August (Jacob-Cervantes, 2010), at the end of their southerly migration and during most of their northerly migration; and their abundances are probably correlated, due to migrating and breeding simultaneously across overlapping areas where they are similarly exposed to ENSO conditions. The abundance of the northern herring subpopulation (the only subpopulation available to boobies early in the season) could provide cues for booby breeders about subsequent pulses in recruitment in both subpopulations. Pacific anchovies reproduce later than herrings, during JulyAugust and November-December (Jacob-Cervantes, 2010), and their abundance early in the season, when boobies are establishing their clutches, could signal upcoming pulses in recruitment in summer and winter. Further research is required to confirm whether these boobies feed on both herring subpopulations and on a single anchovy population.
Blue-footed boobies may be good indicators of prey availability because (i) they specialize in small pelagic fish at depths of a few metres (Nelson, 2005) , where El Niño effects are strongest, and (ii) they do not consume fishing discards or waste material. Such specialist seabirds are expected to reflect changes in the availability of particular prey taxa more accurately than generalist seabirds (Einoder, 2009 ). In addition, our results indicate that blue-footed booby breeding outputs can be measured readily and inexpensively. We did not take differences in the spatial foraging strategies of males and females (Weimerskirch et al., 2009) into account, but these could be considered in future explorations of this species' potential as an indicator. Importantly, our findings extend the usefulness of seabirds as management tools to the highly productive eastern tropical Pacific, and further vindicate measures of seabird reproduction as potential tools for understanding trophic relations in marine ecosystems, assaying ecological impacts of commercial fishing and major climatic fluctuations, and planning commercial fishing activities. Seabirds could turn out to be less reliable indicators of prey stocks in the tropics than elsewhere (Durant et al., 2009) due to the greater complexity of trophic chains at lower latitudes (Ciannelli et al., 2005) , but confirmation of this will require additional long-term data from tropical regions (see Le Corre and Jaquemet, 2005) .
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